Abstract
INTRODUCTION
Significant progress in the cellular and molecular mechanisms of hepatic fibrogenesis has been achieved over the last decades [1] [2] [3] [4] [5] . Hepatic fibrogenesis is known to be a gradual and dynamic process, which involves a series of complicated changes in cells, cytokines and extra cellular matrix (ECM). Especially, it has close relation with the hepatic stellate cells (HSC) [6] and tissue inhibitors of metalloproteinase (TIMP) [7] . Oxymatrine (OM) is a kind of Chinese herb which can inhibit hepatitis B and C viruses [8] [9] [10] [11] [12] . It was originally used for the treatment of chronic viral hepatitis. Later, it was found to have some effects on liver fibrosis [13] . However, there is little evidence of the underlying mechanism. In this study, we determined the effects of OM on experimental hepatic fibrosis, and explored the possible mechanism in vivo.
MATERIALS AND METHODS

Animal experiments
Thirty-two adult male Sprague Dawley rats, weighing 190-230 g (provided by Experimental Animal Center of Chinese Academy, Shanghai, China) were included in the experiments. A rat model of chronic hepatic injury was produced by carbon tetrachloride (CCl 4 ) IH (hypodermic injection) in 16 rats, and 16 rats were used as controls.
The rats were randomly divided into four groups. In group 1 (CCl 4 group, n = 8), CCl 4 (0.3 mL/100 g weight, Shanghai Lingfeng Chemicals Reagent Company, Shanghai, China) was injected at the back hypodermically twice per wk for 10 wk to develop a model of hepatic fibrosis. In group 2 (CCl 4 +OM group, n = 8), CCl 4 was given as in group 1 together with OM (60 mg/kg weight, Shanghai Chemicals Reagent Company, China Pharmaceutical Corporation, Shanghai, China), once daily for 10 wk. In group 3 (OM control group, n = 8), OM was given as in group 2 but without CCl 4 . In group 4 (blank control group, n = 8), olive oil (0.3 mL/100 g weight, Ningxia Pharmaceutical Factory, Ningxia, China), instead of CCl 4 , was injected at the back hypodermically. After 10-wk injection, all animals were sacrificed under narcosis, and their right liver lobes were immediately excised. The specimens were fixed in formaldehyde for the preparation of serial paraffin sections at 5-µm thickness.
Pathological observation and reticular collagen staining
Liver sections were stained with hematoxylin and eosin (H and E) for the assessment of liver cell degeneration and necrosis, infiltration of inflammatory cells, hyperplasia of the lattice fibers and formation of collagen bundles and pseudolobules. Other sections were stained with Von Gieson and Masson special staining for the assessment of fiber structure of the livers and analysis of hyperplasia of liver fiber tissues by computer image analysis system. Expression of liver TIMP-1 and α α α α α-SMA TIMP-1 expression was determined by the immunohistochemical ABC method. The serial paraffin sections of liver samples were deparaffinized and rehydrated after being immersed in 0.3% peroxide-ethanol solution at room temperature for 10 min, and digested with 0.1% pancreatic protease at 37 for 60 min. Rabbit anti-TIMP-1 antibody (working concentration 1:100, Santa Cruz Biotechnology Company, LA, USA) was added at 37 for 60 min, then the samples were put at 4 overnight. Then biotinylated goat anti-rabbit antibody was added at 37 for 60 min, and ABC compound (working concentration 1:100, Huamei Company, Shanghai, China) was incubated at 37 for 45 min. Finally, diaminobenzidine tetrahydrochloride (DAB, Huamei Company) was added to develop color for microscopic examination and photography.
For immunohistochemical staining of α-SMA, the paraffin sections were deparaffinized and rehydrated after being immersed in 0.3% peroxide-ethanol solution at room temperature for 10 min and digested with microwave for 10 min. After incubation with the rat anti-human α-SMA monoclonal antibody (working concentration 1:100, Long-island Antibody Diagnosis Company, Shanghai, China) at 37 for 60 min and at 4 overnight, the sections were incubated with the rabbit anti-rat antibody (working concentration 1:100, Long-island Antibody Diagnosis Company) at 37 for 60 min, and finally with DAB to develop color for microscopic examination and photography. 
Statistical analysis
RESULTS
Hepatic pathological findings
In the two control groups (OM control group and blank control group), the structure of liver lobules was normal, central vein was clear and the size and shape of hepatic cells were normal and distributed centrifugally ( Figure 1A ). In the CCl 4 group, the normal structure of lobules was destroyed, and pseudolobules were formed. Liver cells swelled, with lipid vacuoles in cytoplasm. Hyperplasia of fibers was observed surrounding the lobules. The hepatic lobules were encysted and separated by collagen bundles, and associated with bile duct "proliferation", infiltration of inflammatory cells, bordering of the portal areas. Abundant fiber tissues were present, extended outwards in stellar shape. Cholestasis was seen in some bile duct cells. Hyperplasia of ovum shape cells was observed in collagen bundles. Mitotic figures were seen in particular individual cells ( Figure 1B) . In CCl 4 +OM group, the normal structure of lobules was also destroyed, with pseudolobule formation. Liver cells swelled and degenerated, with lipid vacuoles in cytoplasm. The hepatic lobules were encysted and separated by collagen bundles, with infiltration of inflammatory cells. However, these changes were significantly milder compared with CCl 4 group ( Figure 1C) .
Expression of liver reticular collagen
In the two control groups, there were only a few fiber tissues seen in portal areas. There was no significant difference between OM control group and blank control group (Figure 2A ). However, in CCl 4 group, the pseudolobules were surrounded by strong, multi-layer reticular fibers, which netted into pseudolobules ( Figure 2B ). In CCl 4 +OM group, the pseudolobules were surrounded by multi-layer reticular fibers, Figure 1 Pathological changes in rats' liver by H.E. staining. 10×10 A: (Control group): The structure of liver lobules was normal, the size and shape of hepatic cells were normal and distributed centrifugally; B: (CCl 4 group): The normal structure of lobules was destroyed, and pseudolobules were formed. Liver cells swelled and hepatic lobules were encysted and separated by collagen bundles, and associated with infiltration of inflammatory cells; C: (CCL 4 +OM group): The normal structure of lobules was also destroyed, pseudolobules formed, and liver cells swelled at a milder extent. The hepatic lobules were encysted and separated by slimmer collagen bundles, with milder infiltration of inflammatory cells. which netted into pseudolobules. However, there was a significant decrease in reticular fibers in this group, compared with CCl 4 group ( Figure 2C ). Image pattern analysis showed that the expression of collagen in the experimental groups (CCl 4 group and CCl 4 +OM group) was much stronger than that in the two control groups. Moreover, the expression of collagen in CCl 4 group was significantly stronger than that in CCl 4 +OM group (F = 31.89, P<0.05) (Figure 3) . 
Expression of TIMP-1 in the liver
Cytoplasmic expression of TIMP-1 antigen was detected in most hepatic cells in the experimental rats, but only in a few individual liver cells and hepatic stellate cells (HSCs) in the control rats ( Figure 4A ). The expression of TIMP-1 in hepatic cells was weak in control groups, but strong in experimental groups ( Figure 4B ). There was a significant decline in the expression of TIMP-1 in CCl 4 +OM group, compared with that in CCL 4 group (F = 52.93, P<0.05) ( Figure 4C , Table 1 ). Expression of α α α α α-SMA in the liver α-SMA antigen in control rat liver was detected in myofibroblasts and vascular endothelial cells. The expression of α-SMA in experimental groups was significantly stronger than that in control groups ( Figure 5A ). There was no significant difference between CCl 4 group and CCL 4 +OM group (F = 8.99, P>0.05) ( Figure 5B, C, Table 1 ).
DISCUSSION
Studies on the pathogenesis of hepatic fibrosis have shown that HSCs within the space of Disse experience a transform, in the wake of liver injures by various causes. In normal liver, HSCs store vitamin A and show minimal proliferation and collagen synthesis. However, in an injured liver, HSCs lose vitamin A and transform into myofibroblasts (MFB), called activated HSCs, which express α-SMA and have the function of contractibility, proliferation and fibrogenesis [12] . HSCs synthesize a number of collagens, and enzymes that inhibit degeneration of extracellular matrix (ECM), and some cytokines that promote fibrosis. Thus, the balance between the deposition and degeneration of ECM is broken, leading to the startup and development of hepatic fibrosis. Some studies have shown that TIMP is a very important promoting factor of hepatic fibrosis, and it inhibits matrix metal protease (MMP) to deposit ECM [13] . Strong expression of TIMP-1 reflects the severity of hepatic fibrosis. On the other hand, OM is a kind of alkaloid, extracted from a Chinese herb, Guangdou Root. Some reports have shown that OM inhibits the secretion of IL-1, IL-6 and TNF-α from Kupffer cells, the proliferation of fibroblasts and expression of PIIIP mRNA [11] . To our knowledge, there are no reports on the effects of OM on activation of HSCs and expression of TIMP-1 in liver.
In our present study, the pathologic observation and reticular collagen staining demonstrated that the expression of collagen in CCl 4 +OM group was significantly lower than that in CCl 4 group. Our results indicate that OM has a potent interference effect on hepatic fibrosis. In addition, the results of immunohistochemical staining showed that the expression of TIMP-1 in CCl 4 +OM group was significantly lower than that in CCl 4 group. Combining the above quantitative data of reticular collagen, we noticed that the stronger the expression of TIMP-1 was the more reticular collagens were secreted, and vice versa. We suggest that TIMP-1 plays an important role in the process of hepatic fibrogenesis. One possible mechanism of OM's anti-fibrotic effect lies in its inhibition of expression of TIMP [14] . Several reports have shown that the expression levels of TIMP-1 reflect the severity of alcohol-induced hepatic fibrosis. Accordingly, there seems to be some correlation between the expression levels of TIMP-1 and the severity of hepatic fibrosis.
The present study showed that the expression of α-SMA in the liver in experimental groups was significantly stronger than that in control groups. However, there was no significant difference between CCl 4 group and CCl 4 +OM group. It is presumed that OM does not have a direct effect on the activation of HSCs, whereas it influences the function of myofibroblasts [15] . Nevertheless, OM inhibits the secretion of collagen fibers and expression of TIMP-1, which in turn have interference effect on hepatic fibrosis.
In conclusion, OM has an interference effect on hepatic fibrosis, and one possible mechanism lies in its inhibitory effect on the expression of TIMP-1 in the liver.
